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Speech processingAbstract Background: Listeners with sensorineural hearing loss (SNHL) have a reduced ability to
use temporal fine structure cues due to broadening of the tuning curves. Auditory evoked potentials
(AEPs) can be used to assess the functional consequences of auditory deprivation. Objectives: This
work aimed to study the effect of mild to moderate SNHL on speech processing at brainstem levels.
Subjects and method: This study included two groups: control group (GI) which consisted of 20 sub-
jects with normal peripheral hearing adults and study group (GII) consisted of 40 patients with mild
to moderate SNHL. Speech auditory brainstem response (S-ABR) was recorded in both groups
using two speech stimuli: /da/ and /ba/. Results: In both groups, S-ABR in response to /ba/ showed
statistically significant delayed latencies compared to /da/. On the other hand, there was no statis-
tically significant difference as regards amplitudes between /da/ and /ba/ stimuli in both groups.
Comparing both groups, there were statistically significant differences in the S-ABR onset latencies
but not in FFR latencies for both stimuli in the SNHL group compared to the control group, while
there was no statistically significant difference in amplitudes. Conclusion: SNHL affects speech
processing at the level of brainstem.
 2016 Egyptian Society of Ear, Nose, Throat and Allied Sciences. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Speech sounds are complex sounds with rich harmonic struc-
tures, dynamic amplitude modulations and rapid spectro-
temporal fluctuations. This complexity is represented by an
exceptionally precise temporal and spectral neural code within
the auditory brainstem. It provides an ensemble of nuclei
belonging to the efferent and afferent auditory systems.1Complex sounds, including voiced speech, consisting of
many harmonics, are heard with a strong pitch at the funda-
mental frequency, even if energy is physically lacking at that
frequency.2 The physiologic representation of the acoustic fea-
tures of speech in the human brain depends on the periodicity,
formant structure, frequency transitions, acoustic onsets and
speech envelope.3,4 The articulation of a consonant or vowel
produces multiple acoustic events or cues. These cues can be
quite robust in guiding recognition (Primary cues) while others
(Secondary cues); will be effective only when primary cues are
altered. This is especially important for patients suffering from
a considerable degree of hearing loss.5
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transduction, which in turn, will impair their hearing and
speech comprehension.6 Speech comprehension is dependent
on several factors including the acoustical characteristics of
the words as well as suprasegmental features. Speech intelligi-
bility relies on consonant sounds, which have a sound spec-
trum with frequencies above 2 kHz.7 Because consonants are
sounds of lower intensity than vowels, they become more
difficult to be detected, especially by individuals with high
frequency sensorineural hearing loss.8
Auditory evoked potentials (AEPs) offer the opportunity to
objectively examine neural timing and representation of
important speech cues at subcortical and cortical levels of
the auditory pathway.9 Speech evoked auditory brainstem
response (S-ABR) appears to be a very promising technique
for investigating the brainstem temporal encoding of speech.
In recent studies, S-ABR has brought further insights in tem-
poral encoding of amplitude modulations,10 speech,11,12 tonal
language processing skills13,14 and to temporal acuity.10,15
S-ABR is composed of seven waves named (V, A, C, D, E,
F and O). Waves V, A, C and O represent the transient com-
ponent of the response with V, A and probably C called the
onset component, whereas, wave O is called the offset compo-
nent.1,16 The sustained component of S-ABR is called the
frequency following response (FFR) which reflects phase lock-
ing to the fundamental frequency of the stimulus. It arises in
response to the periodic information present in the vowel at
the frequency of the sound source (i.e. the glottal pulse). Thus
peaks D, E, and F of the FFR correspond to the fundamental
frequency of the stimulus (F0), whereas the peaks between
waves D, E, and F represent phase locking to the frequencies
of the first formant (F1).17
2. Aims of the work
This work was designed to study speech processing at the
brainstem level in healthy subjects and in patients with
sensorineural hearing loss using ABR in response to speech
stimuli.3. Materials and methods
This study included 60 subjects with age range of 18–50 years.
They were chosen from patients, volunteers from patients’
relatives or subjects coming for pre-employment evaluation
at Audiology Unit, Tanta University Hospitals. Consents were
taken from each subject in this study. The local ethics commit-
tee approved this study on 13/3/2012 with the approval code
(948/01/12).
Subjects of this work were divided into two groups:
(1) Control group: It consisted of 20 subjects with bilateral
normal peripheral hearing (hearing threshold level does
not exceed 25 dB at any frequency of the range of
250–8000 Hz) and with no systemic diseases (e.g. any
endocrinal, vascular, renal or neurological). Exclusion
criteria were: subjects with any hearing complaints or
history of otological diseases, general health problems
(e.g. any endocrinal, vascular, renal or neurological
complaints).(2) Study group: It consisted of 40 subjects with bilateral
symmetrical almost flat mild to moderate sensorineural
hearing loss (hearing threshold does not exceed 60 dB
even at single frequency in the frequency range of
250–8000 Hz). They had no systemic diseases or
complaints (e.g. any endocrinal, vascular, renal or
neurological). Exclusion criteria include cases with
unilateral or asymmetrical hearing loss, conductive or
mixed hearing loss, middle ear pathologies, or suspected
cases with retrocochlear lesions.
All cases included in this study were subjected to: full audi-
ological history, otological examination, basic audiological
evaluation including: pure tone audiometry, speech audiome-
try (including both Speech Recognition Threshold (SRT) using
Arabic spondee words18 and Word discrimination % (WD)
tests) using Arabic phonetically balanced words19 and
immittancemetry (including Tympanometry, ipsilateral and
contralateral acoustic reflex).
Auditory brainstem response (ABR) was recorded using
two types of stimuli, click for click evoked-ABR (ABR) (to
confirm presence of wave V) and speech for speech evoked
ABR (S-ABR). For S-ABR, two types of speech stimuli were
used: CV syllables /da/ of 206 ms duration and /ba/ of
114 ms duration. They were pronounced by a native Arabic
male speaker, recorded and sent to Intelligent Hearing System
Company (IHS) to be digitized and calibrated before using
them. The two types of speech stimuli differ from each other
at the place of articulation. Hence, they differ in the spectral
information (spectra of the release bursts and the onsets and
shapes of the formant transitions).20,21 The linguo-dental plo-
sive consonants (/d/) are characterized by energy at 3–4 kHz
and the bilabials energy (/b/) is near 1 kHz.22 So, we expected
them to give different responses.
Stimuli were presented at 50 dB SL or their most comfort-
able level (MCL), at repetition rate (RR) of 19.3/s click-ABR
and 11.1/s for S-ABR using alternating polarity through
monaural presentation via an ER3A insert-phone. Four
disposable electrodes were fixed according to the Smart-EP
manual specification as the following: one high frontal Fz
(positive electrode), one low frontal Fpz (ground electrode).
The last two electrodes were placed on the left and right mas-
toids (as negative electrode or reference electrode) depending
on the recording side. Sweep number was 1024 sweeps and
the analysis epoch (time window) was 0–12 ms for click-BR
and 0–75 ms for S-ABR with 150 Hz to 1500 Hz filtering.
3.1 Response analysis of S-ABR
For S-ABR, the response was identified by the presence of
seven waves (V, A, C, D, E, F, G) using nomenclature previ-
ously established for the S-ABR.12,23,24 Beside the calculation
of the absolute latency and amplitude of each wave, the mea-
surement of VA amplitude, duration, area and slope was done
according to Wible et al.11 Peak-to-trough slope was defined as
peak-to-trough amplitude divided by peak-to-trough duration,
while area was defined as peak-to-trough amplitude multiplied
by peak-to-trough duration. Three blocks of 1024 artifact free
sweeps were collected for each ear. The formerly mentioned
calculations were done for both /da/ and /ba/ stimuli. Russo
et al.23 had interpreted area measurements as the amount of
Table 1 Latencies of S-ABR in response to /da/ stimulus in
right and left ears of control (GI) and study groups (GII).
Speech ABR in adults with sensorineural hearing loss 89activity that contributed to the wave generation while the slope
was interpreted as the temporal synchronization of the
response generators.(S-ABR) t-test P
GI GII
V wave R 10.38 ± 1.70 11.65 ± 2.27 2.215 0.031*
L 10.19 ± 1.72 11.63 ± 2.45 2.351 0.022*
A wave R 13.09 ± 1.77 14.17 ± 2.30 1.841 0.071
L 12.84 ± 1.73 14.29 ± 2.31 2.533 0.014*
C wave R 20.57 ± 1.29 21.44 ± 1.96 1.774 0.082
L 20.41 ± 1.52 21.42 ± 1.77 2.075 0.043*
D wave R 28.27 ± 1.59 28.31 ± 1.89 0.084 0.933
L 28.75 ± 1.21 28.69 ± 2.01 0.118 0.9064. Statistical analysis
The collected data were organized, tabulated and statistically
analyzed using SPSS software statistical computer package
version 16. For qualitative data, comparison between two
groups and more was done using Chi-square test (X2). For
comparison between means of two groups, parametric analysis
(t-test) and non-parametric analysis (Z value of Mann–
Whitney U test) were used. Significance was adopted at
P< 0.05 for interpretation of results of tests of significance.
E wave R 37.22 ± 1.75 37.42 ± 1.72 0.424 0.673
L 37.59 ± 1.73 37.54 ± 2.01 0.111 0.912
F wave R 45.71 ± 1.97 45.85 ± 1.84 0.282 0.779
L 46.39 ± 1.99 46.49 ± 2.05 0.179 0.858
G wave R 54.27 ± 2.19 54.90 ± 2.17 1.060 0.293
L 54.70 ± 2.26 55.23 ± 2.70 0.752 0.455
Bold indicated the significant difference between both groups.
Table 2 Amplitudes of S-ABR in response to /da/ stimulus in
right and left ears of control (GI) and study groups (GII).
(S-ABR) Z-value P
GI GII
V wave R 0.18 ± 0.16 0.16 ± 017 0.731 0.825
L 0.16 ± 0.20 0.16 ± 0.13 0.021 0.983
A wave R 0.12 ± 0.12 0.13 ± 0.12 0.448 0.654
L 0.15 ± 0.21 0.08 ± 0.07 1.453 0.146
C wave R 0.21 ± 0.31 0.19 ± 0.23 0.402 0.688
L 0.13 ± 0.05 0.15 ± 0.16 1.016 0.310
D wave R 0.20 ± 0.21 0.32 ± 0.50 0.542 0.588
L 0.14 ± 0.10 0.37 ± 0.50 1.394 0.163
E wave R 0.34 ± 0.55 0.31 ± 0.53 0.549 0.583
L 0.19 ± 0.14 0.34 ± 0.50 0.016 0.987
F wave R 0.33 ± 0.58 0.31 ± 0.36 0.228 0.820
L 0.22 ± 0.32 0.30 ± 0.42 0.754 0.451
G wave R 0.38 ± 0.82 0.28 ± 0.34 0.039 0.969
L 0.21 ± 0.37 0.33 ± 0.44 1.451 0.1475. Results
This work included two groups: the control group (GI) con-
sisted of 20 subject (2 males and 18 females). Their ages ranged
from 19 to 50 years. Mean and standard deviation (SD) of
pure tone thresholds were 10.56 ± 2.01 dB in the right ear
and 10.44 ± 2.64 dB in the left ear. Word discrimination
scores were 100 ± 0.00% for both right and left ears and
acoustic reflex thresholds were within the expected values for
all subjects in the control group.
As regards the study group (GII), it consisted of 40 cases
(19 males and 21 females) with the same age range as the
control group. All cases had bilateral mild to moderate SNHL
(27 subjects with mild SNHL and 13 subjects with Moderate
SNHL). The duration of hearing loss ranged from one up to
fifteen years. Mean and SD of pure tone thresholds were
39.71 ± 13.54 dB in the right ear and 40.11 ± 14.81 dB in
the left ear. Word discrimination scores were 95.8 ± 6.01%
in the right ear and 96.41 ± 5.33% in the left ear. Acoustic
reflex thresholds were within the expected values as regards
hearing thresholds
The response was composed of onset response (waves V
and A), frequency following response (FFR) (C, D, E, F)
and offset response, (G). In this study, as we used long dura-
tion /da/ stimulus of 206 ms and /ba/ of 114 ms, we took only
the part of the response that covered the consonant and the
consonant vowel transition (60 ms) of the response.
5.1. In response to /da/
In the control group, all components of S-ABR waveform
were detected in 100% of the cases except wave C which was
detected in 90% in the left ear (18/20 ears). However, it was
recorded in all right ears. There is no significant difference
between right and left ears in this group as regards latency,
amplitude, VA complex amplitude, duration, area and slope
(P> 0.05) (Tables 1–3; Fig. 1).
In the SNHL group, all peaks of S-ABR were 100% detect-
able among all individuals in this group except wave C which
was detected in 92.5% of the cases in right ears (37/40 ears)
and 94.87% of the cases in left ears (37/39 ears). There was
no significant difference between right and left ears in this
group at all peak latencies. As regards peak amplitudes, there
was also no significant difference between right and left ears
except for wave A amplitude which was significantly smallerin left ears (P= 0.032). As regards VA complex amplitude,
duration, area and slope, there is no significant difference
between right and left ears (Tables 1–3; Fig. 2).
The comparison between the control and study groups
showed significant delayed wave V latencies in the SNHL
group (GII) in both right and left ears. Moreover, wave A
and C latencies were delayed in group II in both ears, however,
this delay was significant only in left ears. Moreover, the offset
response (G) also showed no significant difference between
right and left ears. As regards S-ABR amplitudes, VA complex
amplitude, duration, area and slope, there is no statistically
significant difference between both groups in either right or left
ears (P> 0.05) (Tables 1–3 and Fig. 3).
5.2. In response to /ba/
In the control group, all components of S-ABR waveform
were detected in all cases except wave C which was detected
Table 3 VA amplitude, Area and slope of VA complex and
duration of S-ABR in response to /da/ stimulus in both studied
groups (GI and GII) in right and left ears.
(S-ABR) #Z-value P
GI GII
Amplitude
(lv)
R 0.30 ± 0.26 0.29 ± 0.27 0.345 0.730
L 0.30 ± 0.41 0.24 ± 0.16 0.152 0.879
Duration
(ms)
R 2.71 ± 0.66 2.52 ± 0.74 0.996 0.323
L 2.62 ± 0.86 2.66 ± 0.80 0.178 0.859
Area
(lv*ms)
R 0.76 ± 0.50 0.72 ± 0.59 0.76 ± 0.50 0.638
L 0.79 ± 1.09 0.65 ± 0.48 0.79 ± 1.09 0.943
Slope of VA
complex
(lv/ms)
R 0.12 ± 0.14 0.13 ± 0.14 0.12 ± 0.14 0.950
L 0.12 ± 0.16 0.09 ± 0.07 0.12 ± 0.16 0.522
90 N.M. Nada et al.in 19/20 in both right and left ears (95% detectability). There
was no significant difference between right and left ear laten-
cies or amplitude of different components of S-ABR in the
control group. As regards VA complex amplitude, duration,
area and slope, there was no significant difference between
both ears (P> 0.05) (Tables 4–6; Fig. 1).
In the SNHL group, onset and F waves were detectable in
all individuals in this group. The rest of FFR waves varied in
their percentage of detectability. Wave C has the least
detectability in 32/40 of right ears (80%) and 31/39 of left ears
(79.5%). There was no significant difference between right and
left ears as regards latencies or amplitude of different compo-
nents of S-ABR as well as VA complex amplitude, duration,
area and slope (Tables 4–6; Fig. 2).
The comparison between the control and SNHL groups
showed statistically significant delayed wave V latency in both
right and left ears in the SNHL group. Moreover, waves A andFigure 1 S-ABR in response to /da/ stimulus in control versus SNH
SNHL.wave F latencies were significantly delayed in the left ear of the
SNHL group when compared to the control group. The offset
response (G) also showed no significant difference between
right and left ears. As regards S-ABR amplitudes, VA complex
amplitude, duration, area and slope; there was no statistically
significant difference between both groups in either right or left
ears (P> 0.05) (Tables 4–6; Fig. 3).
5.3. S-ABR in response to /da/ versus /ba/
In both groups, the latencies of all components of S-ABR were
significantly longer on using /ba/ stimulus than for /da/ in all
ears (P> 0.05). However, there was no significant difference
as regards amplitudes of S-ABR between both stimuli in right
and left ears (P> 0.05) (Tables 7 and 8; Figs. 2 and 3).
6. Discussion
Hearing impaired individuals presumably process complex sig-
nals (i.e., like speech) in a different manner from those with
normal hearing. Processing deficits are likely present due to
abnormal representation of complex speech signals at the
cochlea, the eighth nerve, the brainstem, and/or the auditory
cortex.25 Hearing loss causes changes in the auditory nervous
system depending on its degree as well as its duration.26
The complex spectro-temporal structure of speech signal
requires a synchronized neural response for accurate encoding.
Evoked responses depend on this synchronous activation and
are ideal for studying the neural basis of speech perception.16
Speech-ABR (S-ABR) appears to be a very promising
audiological technique to investigate the brainstem temporal
encoding of speech.27 The present study was designed to
evaluate the speech evoked potentials in adults with mild to
moderate SNHL in order to identify speech processing deficits
in such individuals.L. Top; trace in a control subject, Bottom: trace in a subject with
Figure 2 S-ABR in response to /ba/ in control versus SNHL; Top: trace in a control subject and Bottom: trace in a subject with SNHL.
Figure 3 Latencies of S-ABR waves in response to /da/ stimulus compared to /ba/ stimulus in (a) the control (CI) and (b) study group
(GII) in right and left ears.
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arate as we decided to study the possibility of the presence of
right ear advantage (REA) to some degree in speech process-
ing. Latencies of different components of S-ABR showed no
significant differences between the right and left ears for both
types of stimuli (/da/ and /ba/). Comparing both groups also
showed no significant difference. As regards amplitude, there
was no significant difference between the right and left ears
for both /da/ and /ba/ among and across the study groups
except for amplitude of wave A of S-ABR which was smaller
in the left ear compared to the right ear in the SNHL group
in response to /da/ stimulus.
Our results agreed with the results of Vander Werff and
Burns9 who did not find a REA in their work. However, Sinha
and Basavaraj28 reported a REA that appeared in the form of
earlier latencies or larger amplitudes of FFR in the right ear
relative to left ear. Moreover, Hornickel et al.29 reported that
the REA was manifested in the form of increased amplitude of
the frequency encoding in the frequency ranges corresponding
to the 1st formant but not the fundamental frequency in theright ear. Both studies suggested that left lateralization of
acoustic element processing, which was important for discrim-
inating speech, extended to the auditory brainstem.
6.1. In response to /da/
In the control group wave C for /da/ stimulus was the least
detectable (90% of left ears). This agreed with the results of
Vander-Werff and Burns.9 In the SNHL group, wave C was
also the least detectable for /da/ where it was detected in
92.5% of right ears and in 94.87% of left ears. The morphol-
ogy of S-ABR waveform was distorted in the SNHL subjects
compared to the control group and this might be a result of
impaired speech processing in patients with SNHL.
The /da/ stimulus used in this work was of relatively of long
duration (206 ms) which might be similar to 170 ms duration /
da/ stimulus used in other studies.e.g.30–32 Using such long
duration stimulus resulted in about 3 ms shift in the onset
response of the S-ABR response compared to that evoked by
the short duration used in other studies.e.g.9,11,12,23 This can
Table 4 Latencies of S-ABR in response to /ba/ stimulus in
both studied groups (GI and GII) in right and left ears.
S-ABR t-test P
GI GII
Wave V R 13.53 ± 1.69 14.78 ± 2.41 2.092 0.041*
L 13.22 ± 1.72 14.81 ± 2.44 2.592 0.012*
Wave A R 16.47 ± 1.67 17.53 ± 2.45 1.745 0.086
L 15.80 ± 1.96 17.91 ± 2.86 2.954 0.005*
Wave C R 27.95 ± 2.11 28.22 ± 1.62 0.514 0.609
L 28.66 ± 2.43 28.75 ± 1.86 0.156 0.877
Wave D R 34.48 ± 2.19 34.95 ± 2.02 0.823 0.414
L 34.66 ± 2.33 35.02 ± 1.80 0.650 0.518
Wave E R 42.35 ± 2.27 42.88 ± 2.24 0.867 0.390
L 42.69 ± 2.43 43.00 ± 2.06 0.513 0.610
Wave F R 50.52 ± 2.10 51.18 ± 2.07 1.164 0.249
L 50.59 ± 2.30 51.70 ± 1.79 2.047 0.045*
Wave G R 58.59 ± 1.64 58.99 ± 1.63 0.880 0.382
L 58.20 ± 1.88 59.02 ± 1.46 1.833 0.072
Bold indicated the significant difference between both groups.
Table 5 Amplitudes of the S-ABR waves in response to /ba/
stimulus in both studied groups (GI and GII) for both right and
left ears.
(S-ABR) #Z-value P
GI GII
Wave V R 0.23 ± 0.27 0.17 ± 0.12 0.777 0.825
L 0.17 ± 0.21 0.15 ± 0.12 0.513 0.983
Wave A R 0.25 ± 0.41 0.23 ± 0.40 0.416 0.654
L 0.17 ± 0.24 0.14 ± 0.12 0.289 0.146
Wave C R 0.10 ± 0.06 0.18 ± 0.42 0.322 0.688
L 0.19 ± 0.22 0.09 ± 0.06 1.873 0.310
Wave D R 0.36 ± 0.63 0.26 ± 0.40 1.132 0.588
L 0.20 ± 0.23 0.22 ± 0.19 0.573 0.163
Wave E R 0.23 ± 0.33 0.33 ± 0.58 0.314 0.583
L 0.12 ± 0.06 0.25 ± 0.34 1.056 0.987
Wave F R 0.31 ± 0.37 0.30 ± 0.45 1.177 0.820
L 0.20 ± 0.13 0.26 ± 0.36 0.842 0.451
Wave G R 0.21 ± 0.20 0.31 ± 0.43 0.898 0.969
L 0.17 ± 0.09 0.29 ± 0.37 0.418 0.147
Table 6 VA complex amplitude and duration area and slope
of VA complex of S-ABR in response to /ba/ in both studied
groups (GI and GII) for both Rt and Lt ears.
(S-ABR) #Z-value P
GI GII
Amplitude (lv) R 0.48 ± 0.68 0.40 ± 0.43 0.314 0.754
L 0.35 ± 0.44 0.29 ± 0.22 0.008 0.994
Duration (ms) R 2.94 ± 0.72 2.74 ± 0.78 0.931 0.356
L 2.58 ± 0.68 2.87 ± 1.08 1.108 0.272
Area (lv*ms) R 1.36 ± 1.69 1.25 ± 1.69 0.321 0.748
L 0.92 ± 1.34 0.93 ± 1.10 0.168 0.866
Slope (lv/ms) R 0.18 ± 0.28 0.15 ± 0.13 0.071 0.944
L 0.14 ± 0.16 0.11 ± 0.07 0.280 0.779
Table 7 Comparison between the waves’ latencies of S-ABR
in response to /da/ and /ba/ stimuli in the control group (GI) in
both Rt and Lt ears.
S-ABR in the control group (GI) t-test P
/da/ /ba/
Wave V R 10.38 ± 1.70 13.53 ± 1.69 5.864 0.0001*
L 10.19 ± 1.72 13.22 ± 1.72 5.574 0.0001*
Wave A R 13.09 ± 1.77 16.47 ± 1.67 6.196 0.0001*
L 12.84 ± 1.73 15.80 ± 1.96 5.119 0.0001*
Wave C R 20.57 ± 1.29 27.95 ± 2.11 13.260 0.0001*
L 20.41 ± 1.52 28.66 ± 2.43 12.289 0.0001*
Wave D R 28.27 ± 1.59 34.48 ± 2.19 10.283 0.0001*
L 28.75 ± 1.21 34.66 ± 2.33 10.036 0.0001*
Wave E R 37.22 ± 1.75 42.35 ± 2.27 7.978 0.0001*
L 37.59 ± 1.73 42.69 ± 2.43 7.633 0.0001*
Wave F R 45.71 ± 1.97 50.52 ± 2.10 7.458 0.0001*
L 46.39 ± 1.99 50.59 ± 2.30 6.165 0.0001*
Wave G R 54.27 ± 2.19 58.59 ± 1.64 7.057 0.0001*
L 54.70 ± 2.26 58.20 ± 1.88 5.321 0.0001*
Bold indicated the significant difference between both groups.
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wave V latency in response to click and speech stimuli. Those
authors suggested that the delayed wave V latency in S-ABR
might be related to the stimulus itself. They reported that
vowel following the consonant is a sustained periodic signal
and is much louder than the consonant. Thus, that higher
amplitude and longer portion of the stimulus might actually
mask the brief consonant onset critical for eliciting the onset
portion of the speech-evoked ABR. If we take this into consid-
eration, we supposed that the longer the duration of the stim-
ulus, the more the backward masking effect of the vowel onto
the consonant. Hence the delayed latency of the onset of the
long duration /da/ compared to the short duration /da/.32In the SNHL group, there was a delay in peak latencies
compared to the control group which was significant only
for wave V in both right and left ears as well as waves A
and C for left ear only. However, peaks D, E, F and offset
response were similar in both groups. These results agreed with
those of Khaladkar et al.25, who reported a significant delay in
wave V latency of S-ABR in the SNHL group in response to
short duration /t/ stimulus. The authors reported that the
delay might indicate abnormal neurophysiologic representa-
tion of speech at the level of the cochlea, eighth nerve and
brainstem, which was not highlighted with click evoked
ABR. However, Lipson34 reported no statistically significant
delay in the latencies of all peaks of S-ABR in SNHL group
when compared to control group.
Results of S-ABR amplitudes showed similar results to
those reported by Vander-Werff et al.9, and Song et al.30
The comparison of the control and SNHL groups showed no
significant difference between both groups. Our results also
agreed with Lipson34 who did not find a statistically significant
difference as regards amplitudes between both groups.
Table 8 Comparison between the waves’ latencies of S-ABR
in response to /da/ and /ba/ stimuli in the studied cases (GII) in
right and left ears.
S-ABR in (GII) t-test P
/da/ /ba/
Wave V R 11.65 ± 2.27 14.78 ± 2.41 5.995 0.0001*
L 11.63 ± 2.45 14.81 ± 2.44 5.740 0.0001*
Wave A R 14.17 ± 2.30 17.53 ± 2.45 6.320 0.0001*
L 14.29 ± 2.31 17.91 ± 2.86 6.142 0.0001*
Wave C R 21.44 ± 1.96 28.22 ± 1.62 15.493 0.0001*
L 21.42 ± 1.77 28.75 ± 1.86 16.647 0.0001*
Wave D R 28.31 ± 1.89 34.95 ± 2.02 15.085 0.0001*
L 28.69 ± 2.01 35.02 ± 1.80 14.520 0.0001*
Wave E R 37.42 ± 1.72 42.88 ± 2.24 12.204 0.0001*
L 37.54 ± 2.01 43.00 ± 2.06 11.784 0.0001*
Wave F R 45.85 ± 1.84 51.18 ± 2.07 12.171 0.0001*
L 46.49 ± 2.05 51.70 ± 1.79 11.957 0.0001*
Wave G R 54.90 ± 2.17 58.99 ± 1.63 9.456 0.0001*
L 55.23 ± 2.70 59.02 ± 1.46 7.641 0.0001*
Bold indicated the significant difference between both groups.
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between the two groups as regards slope and area.
6.2. In response to /ba/
All components of S-ABR were 100% detectable in all normal
individuals except wave C which was absent in one case only
(detected in 19 out of 20) in both right and left ears. In the
SNHL group, S-ABR morphology was distorted where wave
C was detected in 32/40 in right ears (80%) and detected in
31/39 left ears (79.5%). We postulated that distortion in wave-
form is mainly due to the affection of speech processing in
patients with SNHL.
Up to our knowledge, only few studies had used /ba/ to
evoke S-ABR. Example of these studies include Akhoun et al.27
and Johnson et al.35 As regards comparison between both
groups: there was a significant delay in the SNHL compared
to control group as regards wave V in both right and left ears
as well as wave A in left ears. These results are similar to those
of /da/ stimulus. However, in FFR, there was no significant
difference between the studied groups except for F in the left
ear which showed a statistically significant delay in the SNHL
group compared to control. Meanwhile, S-ABR amplitude,
slope and area were similar in both groups.
This work showed that S-ABR latencies are more sensitive
to mild to moderate SNHL than amplitudes. This finding was
pronounced in the onset response rather than the FFR. This
indicated that the problem among the subjects with mild to
moderate hearing loss was the impaired synchronization to
the onset while, phase locking to the fundamental frequency
and its harmonics was not affected.
6.3. Comparison between S-ABR in response to /da/ and /ba/
The morphology of S-ABR in response to /ba/ was more dis-
torted than to /da/ with less detectability of waves in theSNHL group, however, we could not owe the reduced
detectability of waves in response to /ba/ compared to /da/
to the sensitivity of the first to the SNHL due to relatively
small sample size.
The latencies of S-ABR peaks in response to /ba/ were
significantly delayed in comparison to /da/ in both control
and SNHL groups. This could be explained by the difference
in the acoustics of both stimuli. In general, /ba/ and /da/
differ acoustically in the second formant frequency transition
(it is rising for /ba/ and falling for /da/) and, to a smaller
extent, in the frequency content of the stop release burst
where /da/ contains somewhat higher frequency content.36
Johnson et al.35 and Hornickel et al.37 stated that the higher
the F2 and F3 frequencies, the earlier the response. Another
explanation is the cross phaseogram proposed by Skoe et al.38
They stated that the differences in the latencies between CV
could be explained by their differences in phases. This means
that /da/ has earlier response than /ba/ because the first
phase leads the later. Moreover, this is restrained only to
the frequency transition part of the stimulus but absent in
the steady state where there is no phase difference between
both stimuli. Our results as regards the control group agreed
with the results of Johnson et al.35 who reported delayed
latencies of S-ABR in response to /ba/ compared to /da/.
However, that response was only significant in their study
at FFR region. As regards S-ABR amplitude, there was no
statistically significant difference between /da/ and /ba/ in
the control group and SNHL groups in both right and left
ears.
Speech-ABR is acoustically similar to the stimulus and it
provides a unique chance to evaluate the strength of
subcortical processing of speech sounds. The onset response
represents the neural conduction time required for speech
processing and its delay indicates temporal processing deficits
in patients with hearing loss. This work showed that onset
response of S-ABR is more vulnerable than FFR or offset
response. This indicated that the temporal discharge of
auditory neurons in the upper midbrain (FFR) or the end
of stimulus processing (offset response) are not affected with
hearing loss.39
In conclusion, S-ABR is affected with hearing loss which
affects the latencies but not the amplitudes. This indicated
that the synchronization to the response was early affected
than the discharge rate. The onset response of S-ABR was
more affected than the FFR. This indicated that the
problem among the subjects with hearing loss was the less
synchronization to the onset while, phase locking to the fun-
damental frequency and its harmonics was not affected.
Finally, we concluded that speech processing was affected
in individuals with mild to moderate SNHL at the level of
brainstem.
Future studies should be done with large number of sub-
jects with more severe degrees and different configurations of
hearing loss and different duration of hearing loss in order
to study the effect of SNHL on speech processing at the level
of brainstem and auditory cortex.
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